ABSTRACT
. This means that all radiation with a wavelength below 290nm is filtered out before it reaches the earth's surface. Solar energy comes to the surface of the earth in the form of radiation, or light, with spectral components, mostly in the visible, near infrared, and near ultraviolet. Global atmospheric changes such as stratospheric Ozone depletion may increase the level of UV radiation on earth. This would contribute to enhanced chronic exposure of the eye and skin tissue of humans to UV light [2, 3] . Little absorption of Radiation takes place in the visible region. Absorption in the ultraviolet region is due primarily to electronic transition of molecular and atomic oxygen, nitrogen and ozone in the upper atmosphere. This absorption usually prevents wavelengths shorter than 0.3 m from reaching the surface of the earth [1] .
Absorption in the infrared region of the spectrum is chiefly due to vibration and rotation of polyatomic molecules such as H 2 O and CO 2 . Scattering in the atmosphere also substantially modifies the energy reaching the earth's surface [1] .
Even with the atmospheric attenuation of solar radiation, a substantial amount of optical radiation reaches the surface of the earth. Exposure to intense sunlight can have undesirable effect to the eyes and shielding glasses are commonly recommended to protect the eyes from the harmful effects of solar radiation [4] . The level of effect of radiation on human eye depends on its level of penetration, which in turn depends on its wavelength, duration of exposure, and frequency [5, 6] .
Since this work is concerned with potential hazards of solar radiation on the human eye, the discussion will be limited to the situations where a hazard is expected.
Unlike the skin, the principal natural defence mechanism for the eye is the eye socket and partial closing of the eyelids in response to visible light level [7] . Radiation protection is necessary to restrictor minimize the level of radiation absorption by the body. Methods employed include covering, filtering and shading [7] . Shading could be a better means of protecting the eyes from harmful radiation and could be achieved by using the correct type of eyeglasses which will block 100% UV radiation. Although in general sunglasses substantially attenuate the amount of ultraviolet radiation reaching the eye, this attenuation is far from complete and there is great variability [8] . Moreover, for outdoor use in the bright sunlight, sunglasses that absorb 99 -100% of the full UV spectrum to 400nm are recommended [9] . Using the wrong type of eyeglasses may cause more harm to the eyes than not wearing glasses at all. This because in bright light the pupil is constricted and in dim lights it is dilated. A dim light as a result of eyeglass will make the pupil remain dilated and expose the eye to harmful radiation which could be minimize by reflex action of the eye. A number of works have shown problems with UV transmission of sunglasses that are worn for protection. These problems are not yet eliminated. Ultraviolet radiation is a type of nonionizing radiation with wavelengths ranging from 100 to 400nm [10] . It does not provide useful vision, instead it harm the retina in acute intense exposure [11] . Alteration of lens protein is another biochemical mechanism that has been proposed following UV radiation exposure [2] . These biochemical changes can occur through a direct effect of UV light. Using a theoretical model, it was [12] concluded that under certain circumstances the use of sunglasses may actually increase ocular UVR exposure, by causing pupil dilation. Similar results were reported [2, 13] .
Ultraviolet radiation can be categorized into spectral bands; the UV-A region exhibit wavelengths between 315-400nm, UV-B in the region of 280-315nm and UV-C wavelengths between 100-280nm [6, 9, 14, 15] . Of these three bands, UV-C is more dangerous and UV-A cause the least harm to human eye.
The part of the electromagnetic spectrum with wavelengths from about 400 to 780nm (visible light) is the most sensitive to human vision [16] . Visible light is categorized into short (blue), medium (green) and long (red) wavelength radiations. Beside UV light, the blue light (within the visible region) can cause damage to the eye [11] . The high energy of photons in the spectrum of blue light and adjacent UV-A radiation has the power to damage the cellular function and structures of photoreceptors [14] . Prolonged exposure to blue light may reduce the colour sensitivity of the retina [17] . The region of visible radiation just beyond the red end is referred to as infrared. The infrared region is often subdivided into IR-A (0.78µm-1.4µm), IR-B (1.4-3µm) and IR-C (3µm-1mm). International Commission on Non-ionizing Radiation Protection statement on far infrared radiation exposure considers that all of the IR energy from IR-A and IR-B (780-3,000nm) poses a risk to the human eye, whereas the contribution from IR-C in a white light source could be small, or at least more or less equivalent for different sources [18] . In this paper the level of transmission of optical radiation by commercial eyeglasses used by the community around Zaria and environs was determined; which allowed for the prediction of its effect on the human eyes. In this area of study, sunlight is prevalent and often members of the community report cases of vision impairment that could be linked to occupational UV radiation exposure and blue light.
THEORY
When light passed through any transparent media, it is subjected to beam attenuation associated with light reflection, absorption, refraction, or scattering depending on the density of the media and other characteristics.Linear attenuation coefficient is the percentage reduction of incident light per unit thickness of absorber. This implies that for each unit thickness (such as millimetre) of absorbing material placed in the path of the beam there is set percentage of reduction in the intensity of the radiation. The attenuation coefficient is determined experimentally using the narrow beam geometry technique that employs collimated source of mono-energetic photons and a narrowly collimated detector as illustrated in figure 1a [19] .
Figure-1. Measurement of photon attenuation in absorbing material. Part (a) is for narrow beam geometry; part (b) is for broad beam geometry [19] .
As shown in the figure, a slab of absorber material of thickness x is placed between the source and detector. The absorber decreases the detector signal (intensity) from I(0) that is measured without the absorber in place to I(x) that is measured with absorber thickness x in the beam path.
A layer of elemental thickness within the absorber reduces the beam intensity by small intensity dI and the fractional reduction in intensity, , is proportional to
The relationship between , and is given by:
And integrating (1) over the entire thickness x, we have ( ) ( ) ∫ (2) For a homogeneous medium = constant and (2) reduces to the standard exponential relationship valid for monoenergetic photon beams
Where is the initial intensity and I is the intensity after passing through thickness x. is a property of the material and is known as the linear attenuation coefficient. If x is measured in mm,
Absorbance is related logarithmically to transmission by 
This is multiplied by 100 to determine the percentage transmittance (%T), the percentage of light transmitted by the substance relative to the reference blank.
From equation 3 and 5 we have
For percentage transmittance we therefore have (8) Finally we generate the equation of linear attenuation coefficient as
medium. The ratio of the total amount of radiation reflected by a surface to the total amount of radiation incident on the surface is the reflectance. This can be calculated from (10) Where A andT are absorbance and transmittance respectively.
MATERIALS AND METHOD
This research was carried out in the Multi-user Science Research Laboratory, Ahmadu Bello University Zaria using 6405 UV/VIS spectrophotometer [20] . Measurements were carried out on 20 commercial eyeglasses of different colours (colourless, brown, blue, gray, Purple, darkcolours) which were purchased within Zaria markets, Nigeria. All samples were cut to a standard size of The average %transmittance was calculated for each region of the optical radiation and for each sample using the relations
For IRR (13) 
RESULTS AND DISCUSSIONS
The average value of transmittance, absorbance, reflectance and linear attenuation coefficient for all the samples are summarised in table 1. the human eye. The benefit is in the ability of the eyeglasses to minimize the transmission of UV radiation to almost 0%.
However, the harm lies in the visible region; the eye primarily functions as a receiver and transducer of light from the environment [11] . The human eye contains photosensitive cells in the retina, which are stimulated by sunlight radiation [4] . The optical quality of the retinal image is the result of light passing through the ocular structures of the eye [21] . Also, the pupil response is most sensitive to visible light; eyeglasses may allow pupil dilation in proportion to the darkness of the eyeglasses increased intraocular insolation [22] . These eyeglasses may lead to light deficiency to the eye, which as a result may enhance eye defects caused by light deficiency. Moreover, with these eyeglasses, visibility will be greatly affected.
Sample 20 provides the highest percentage transmittance at visible range and very low percentage transmittance at UV range; it could minimize UV transmission and allow sufficient transmission of visible light for the stimulation of photosensitive cells in the retina. Furthermore, some of the eyeglasses (samples 7, 9, 12, 16, 19) show significant transmission of UV radiation in addition to substantial transmission of visible light. These eyeglasses could be harmful to the eye because, they moderate glare from direct visible light and may increase the level of exposure to UV radiation. Therefore, these type of eyeglasses may enhance eye defects resulting from prolonged exposure to UV radiation.Potential adverse health effects associated with exposure of the eye to UV radiation can manifest as photokeratitis, photoconjunctivitist, retinal burns, cancer and cateracts [23] . The conjunctiva is easily damaged by UV radiation, which activates a complex series of oxidative reactions and distinct pathways of cell death [15] . However, individual ocular exposure to UV radiation can be considered to result from environmental and physiological factors [24] .
Considering transmission in the infrared region, all the eyeglasses show a significant transmission of infrared radiation. This is observable in table 2. Although the range of the infrared radiation was cut-off at 900nm for this research (due to equipment limitation), there is tendency of continuity of transmission of infrared radiation by the eyeglasses beyond 900nm. Visible and infrared radiations can easily be detected by human senses and normal reflex action can reduce the hazards [25] .
Observing and comparing the properties of the samples from table 2, it shows that dark eyeglasses with plastic material block more of the UV radiation than eyeglasses with glass material. This shows that the type of lens material determines the level of optical radiation transmission by the eyeglasses. It was established that the level of attenuation of ocular exposure to UV radiation by sunglasses is highly variable among different samples [8] . However, they are with the opinion that the variation based on glass material (i.e. between plastic and glass for example) is negligible.
Additionally, it can be observed from the two tables presented, darker coloured eyeglasses do not assure sufficient blocking of low wavelength light. These types of eyeglasses reduce the intensity of visible light reaching the eyes. Consequently, the pupils remain dilated, resulting to more UV-A and some portions of UV-B rays reaching the lens and retina. This may not occur with naked eyes as the eyes control the amount of light in high intensity and in darkness.
In addition, samples with plastic material show no transmittance of UV-B and UV-C.
Solar radiation varies from one geographical location to another. Thus, radiation transmission by eyeglasses could vary from one location to another. It may also be necessary to review the cutoff wavelength for UV radiation spectrum. Further research which could determine and take into consideration, the chemical composition of the lens material could give more insight on the interaction of radiation with eyeglasses as well as its attenuation, absorbance and transmittance.
CONCLUSION
All the eyeglasses under study transmit portion(s) of the UV radiation with varying degrees of intensities. The lens'colour and material type significantly contribute in the transmission and absorption of optical radiation. Dark coloured eyeglasses do not allow high transmission of light and this will greatly affect proper vision and consequently damage the lens and retina. However, if dark eyeglasses must be used in high intensity sun, dark eyeglasses with plastic lenses would be better (less damaging) to the eye than dark eyeglasses with glass lens materials.
The claim by the manufacturers of these eyeglasses was a bit of concern; since none of the glasses could block100% UV radiation with 400nm cut off. This shows that some of the eyeglasses could pose a great danger to the human eyes as a result of exposure to UV radiation or blue light.
